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FOREWORD 


This eighth sealannual progress report si>nm.irizes work performed 
for the National Aeronautics and Space Administration by the Science 
Research Center at Hardln-Slnnons University supported by NASA Grant 
NCR 44-095-001, and covers the period January 1, 1976 - June 30, 1976. 

This report Includes results on the anaerobic conversion of 
phosphite to phosphate and demonstrates that In the presence of both 
phosphite and hypophosphlte, the phosphite Is the preferred phosphorous 
source. An Investigation In which P labeled hypophosphlte added to 
the basal medium demonstrates that the labeled hypophosphlte was incor- 
porated Into the metabolic reactions of the cell. Other data show that 
as cell growth occurs, the phosphite and/or hypophosphlte levels 
decrease. The Bacillus sp. capable of anaerobic utilization of phosphite 
was Isolated from Cape Canaveral soil samples, and It Is partially 
characterized In this report. 

Also Included In this report are continued Investigations of 
omnltherms. The data presented show that some of these possess a signi- 
ficant resistance to the Viking dry-heat cycle, and that they retain 
their omnlthermlc characteristic after recovery from the heat cycle. 

Other physiological characteristics of these Isolates are also presented. 
A repeat of the original work In which omnltherms were Isolated again 
demonstrate that omnltherms can be Isolated from Cape Canaveral soil. 


The NASA Technical Officer for this grant Is Richard S. Young, NASA 
Planetary Programs, Code SBL, Washington, D.C. 
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ANAEROBIC UTILIZATION OF PHOSPHITE 


In our previous progress report (No. 7) the importance of 
anaerobic utilization of phosphite in potential contamination of 
Jupiter was discussed. Attempts to isolate organisms capable 
of this type of phosphorous metabolism were described, and a 
Bacillus sp. was Isolated on different occasions which appeared to 
possess this characteristic. Initial experiments to verify this 
demonstrated that the isolate is capable of utilizing phosphite or 
hypophosphite anaerobically. Additional experiments were performed 
to better demonstrate this phenomenon. Most experiments employed 
hypophosphite because it ’ ' the more reduced form. 

One investigation to verify that the isolate was Indeed 

32 

utilizing hypophosphite employed labeled ( P) hypophosphite (Amersham/ 
Searle, Arlington Heights, Illinois). This was performed by using 
paper chromatography with known samples of hypophosphite, phosphite, 
and phosphate. The chromatograms were then used to expose x-ray 
film (Kodak RP X-Omat RP14) showing separation of compounds containing 
the ^^P labeled phosphorus. 

A basal medium was prepared according to the following formulation 

0.5Z glucose 
0.2Z NH4CI 
0.002Z NaS 04 
0.0 5Z MgS04 -IHoO 
1.2Z Trls Buffer 

The glucose was made as a separate solution, sterilized by autoclaving 


1 


2 


at 118°C for 15 minutea, then aaepticly added to components of 
basal medium. To this a mineral supplement was added as shown in 
report No. 7. Tlie solution was then adjusted to a pll of 7.0 and 
analyzed for phosphorus using the stannous chloride reduction 
method (Report No. 7). 

Sodium hypophosphite was prepared and filter sterilized, then 
added to the basal medium to a final concentration of 75 ppm phos- 
phorus as NaH2P02*H2Q) and in addition contained 0.20 MC of per 
mg of Into each of four flasks of labeled (^^P) hypophosphite 

medium 0. I ml of a washed, distilled water suspension of the organism 
shovm to grow in hypophosphite was inoculated and ioonedlately placed 
into an anaerobe jar. Cultures were then incubated for 48 hours at 
32°C. At the end of 48 hours the samples were filtered and washed 
using a 0.22 /un filter. The cells were then resuspended in distilled 
water and lysed using a high intensity sonic probe. A one-dimen- 
sional descending paper chromatographic system was then run on the 
lysed cell suspension, unlnoculatcd medium, the filtrate, and known 
samples of the three phosphorus types. The chromatogra.'hic paper was 
a No. 1 Whatman washed with 2N HCl and rinsed 6 times with distilled 
water and dried in air before use. 

Application of the samples was made onto the chromatographic 
paper using ten 100 microliter deposits at each of six designated 
spots near the end of the paper. Two chromatograms were run, each 
containing six sample sites - one each for the three known samples 
of phosphite, hypophosphite, and phosphate and the other for the 
filtrate, medium, and the cell lysate. The spotted chromatographic 
paper was then allowed to air dry. 


The dried paper was placed Into a chroeatoRraphic chaaber 
where the entire ayatem (Including the apotted paper) woa allowed 
to coae to equilibriua for approxlnately 24 hr. Tlio aulvent ayatem 
uaed waa n-butanol-acctic acid-water mixture in the ratio of 50-25- 
25. Thi« advent waa placed in a large ahallow diah at the bottom 
of the chaaber. After allowing for equilibriua of aolvent throughout 
the chaaber, aolvent waa added to trough by funnel from above with- 
out opening %rhole chaaber. Development time was determined by 
solvent front and varied from 12 - 24 hours. 

The method of Hana and laherwood ( Natu re, page 1107, December, 
1949) was used to detect phosphate after all spots had been oxldlxed. 
The paper was sprayed with a solution of 5 ml 60* (w/w) perchloric 
acid, 10 ml 1 N IICl, 25 ml 4Z .immonium molybd.itc, diluted with dis- 
tilled water to 100 ml. The paper was allowed to dry a few minutes 
to get rid of excess water, then placed in an oven and heated for 
7 minutes at 85°C. It was then hung in a chamber with dilute H 2 S to 
develope the spots. Spots appear blue against a buff background. 

Known samples of fructose-1, 6-diphosphatc, phosphenolpyruvate , 
2-phosphoglycerate , hypophospnite, phosphite, phosphate were also run 
on separate chromatograms as controls. Table 1 shows the results of 
the control chromatogram. Separation was good with s .ots easily seen. 

Before the chromatograms were oxidized and spots detected, 
autoradiograms were made. Conventional x-ray film was fitted and 
taped to each dried chromatogram. Each chromatogram with film was 
placed in a light-proof exposure holder which was weighted with a 
carton of sand to equalize the pressure distribution. The x-ray 
film was exposed to the chromatogram for 96 hours, then developed 
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using sn aucoMtic rapid procassing unit. After exposure the 
chroMtograa waa then oxidixed and detection conpleted. 

Table 2 shows the results of the sutorsdiograns and chroaato- 
grsas for the labeled procedures. As can be seen, the uninoculeted 
'zulture audiuB contained a single spot of hypophosphite which 
showed a high degree of labeled phosphorus. The filtrate showed 
other phosphorus spots with approxiaately the same R£ value as phos- 
phate, indicating that the hypophosphite had been partially converted 
to phosphate. The cell lysate showed fi'e spots of varying degrees 
of intensity. One spot (a) shows little Intensity and has the same 
Rf value os phosphate. This low intensity of phosphate is consistent 
with our other inves. gations which result in accuaiulations of very 
low levels of phosphate. Another labeled spot (c) of hlgii intensity 
shows an R^ value similar to phosphite and 2-phosphoglycerate. This 
spot has not been identified but it demonstrates that hypophosphite 
has been converted to another form in the cell. The hypophosphite 
spot (e) shows an appreciable decrease in intensity indicating that 
it is indeed being utilized (the uninoculateu control showed no 
decrease in intensity) . Another spot (b) has the same R^ value as 
fructose-1, 6-dlphosphate. The final spot (d) has an R^ value 
different from our control chemicals. 

This study does not specifically identify the compounds into 
which the labeled hypophosphite was converted, but it does demonstrate 
that hypophosphite is incorporated into intermediate compounds in 
cellular metabolism, possible to intermediates of the Emden-Meyerhof f 
pathway. It also demonstrates release of small amounts of labeled 
phosphate. 


TABLE 2 RF Values from (^^p) Labeled Chromatogram and Autoradiograph 
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Bacauae aowt prevloua cxperlMnta h;id bean performed ualnK 
hypophoaphlta aa the plioephorua aource, another experiment waa 
performed to verify that phosphite could also be utilized by our 
iaolate during anaerobic growth. The basal culture medium used 
was described in Report No. 7 and sodium phosphite was added to 
give 100 ppm P. The phosphate level of the culture medium was 
0.086 ppm P as phosphate. Replicate bottles of this medium were 
inoculated with 0.2 ml of a water-washed suspension of the hypo- 
phosphite utilizing Bacillus described in Report No. 7. These 
were i.icubated at 24°C in Brewer Anaerobe Jars with CasPaks. Dupli- 
cate samples were removed at various time intervals, formalin waa 
added to kill the organisms, and the samples were filtered through 
a 0.22 filter. A portion of the filtrate was analyzed for total 
phosphorous, then the remainder was separated by column chromato- 
graphy and analyzed to determine the concentration of phosphite and 
phosphate. Procedures for chromatographic separation and phosphorous 
analyses were given in Report No. 7. The pH of the solution, the 
dry cell weights, glucose concentration, and turbidity were also 
determined. Uninoculated controls were run with each experimental 
group. 

The results of this Investigation are shown in Table 3. As can 
be seen, there was scant growth, which is characteristic of this 
isolate on this basal medium. However, the decrciise in percent 
transmittance, the decrease in pH, the decrease in glucose concen- 
tration, and the increase in cell weight are all Indicative of 
growth. The depletion of phosphite in the growing samples demonstrates 
that phosphite is being utilized as the phosphorous source during 


TABLE 3 Neasurement of Various Growth Parameters During 
Anaerobic Utilization of Phosphite by a Bacillus se^ 
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anaerobic cultivation. Separation of phosphoroua conpounda by 
coluam chroaacography reaulted In no frae phor.phata, and thla la 
conalatant with our aarllar deta. It la poatulatad that tha 
phoaphlta la convartad Into phoaphata and Incorporated Into cellular 
BMtabollaa, being raiaovad when tha calls are filtered. Phoaphata 
releaaed upon tha death of a call would be rapidly Incorporated 
Into living cella, thua accounting for the abaence of free phoaphate 
In the filtrate. 

A alaiilar experiawnt waa dealgned to del .nilne whether the 
Bacillua laolate preferred phoaphlta or hypophoaphlte aa a phoaphoroua 
source. Tala was aet up In almllar faahlon to the preceding 
experlHMnt with the exception that 60 ppm P of both phoaphlte and 
hypophoaphlte were added to the baaal medium. Replicate bottles 
of oiedla were then Inoculated with 0.5 ad of a water-waahed auepen- 
slon of the Bacillua laolate. Allquota were ImoMdlately removed for 
analyala of phosphoroua and various growth parameters, and the 
inoculated bcttles were then placed Into anaerobe Jars for Incubation 
at 24*^C. Replicate samples were removed periodically, killed, 
filtered, and analyzed. Phosphorous analysis was again by colunui 
chromatography and phosphorous assays of the separated samples. 
Measurement of growth parameters Included those of the preceding 
experiment plus cell counts. Counts were performed using standard 
dilution tecltnlques, pour-plates with Tryptlcase Soy Agar, and 
anaerobic Incubation of the plated samples at 32°C. 

The results of this Investigation are given In Table 4. These 
results demonstrate growth of the Bacillus Isolate at a rate consistent 


with prevJoi.s experiments. The Isolate grows only relatively well In 


TABLE 4 ANAEROBIC UTILIZATION OF PHOSPHOROUS AND MEASUREMENT 
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Che baeal nedlua. It la noted, however, that it grows quite well on 
TSA on Che piste counts, both aerobically and anaerobically. The 
restricted growth then Is a result of Che basal medlun preparation 
and not an Inherent characteristic of the Isolate. The data 
demonstrates a consistent rate of growth with a corresponding decrease 
In available phosphorous. It can be seen that the phosphite levels 
decrease to a greater extent than do the hypophosphlte levels, thus 
Indicating that Che organism prefers Che more oxidised form of 
phosphorous. These res'ilts are seen more graphically In Figure 1 
where the actual cell numbers are plotted along with phosphorous 
concentrations. Although it Is not shown In the table or Che fig. re, 
Che phosphate level was also determined In this experiment, with Its 
concentration being virtually unchanged throughout Che duration of 
Incubation. The Initial phosphate concentration was 0.02 ppm P 
as phosphate, and this level was maintained chroughou'.; the experiment. 
Again, lack of accumulation of phosphate in the medium Is In agree- 
ment with all of r ir phosphorous Investigations with this isolate. 

The growth parameters and phosphorous levels In the unlnoculaCed 
controls were virtually unchanged for the duration of this experiment. 

Another experiment was performed In which phosphate, phosphite, 
and hypophosphlte were all added as phosphorous sources. The results 
showed slightly better growth with depletion of phosphate, but Che 
phosphite and hypophosphlte lev .Is were unchanged. In other words, 
this Isolate has the capability to convert phosphite and hypo- 
phosphlte to phosphate, but does not do so In tlie presence of 


phosphate. 
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FIGURE 1 Changes in Phosphite and Hypophosphi te Concentrations During Anaerobic 

Growth of a Bacillus s£. Isolate from Cape Canaveral 
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aiARACTERIZATlON OP ANATROBIC PI’OSPHITE-UTILIZINC BACILLUS 

This organian was originally isolated through use of the 
enrichment culture technique in an attempt to laolate from Cape 
Canaveral soil samples, organisms capable of utilizing phosphite 
anaerobically. It was isolated on the first attempt and has been 
reisolated on subsequent attempts. Each isolation procedure has 
resulted in a pure culture, and cultural, staining, and biochemical 
characterizations demonstrate that it is the same isolate. Because 
of its repeated isolation and because of the limited nutrients in 
the original basal medium, it is assumed that this is a rather 
common organism in Cape Canaveral soil, and that it is not nutri- 
tionally fastidious. 

On Trypticase Soy Agar (TSA) colonies appear small, off-white, 
circular, entire, smooth, opaque, and slightly raised. Subsurface 
colonies arc lenticular, and broth cultures show uniform turbidity 
throughout the medium. The isolate is a gram-positive rod of 
varying size in a 24 h culture, and a gram-positive rod of uniform 
size in a 72 h culture. It produces circular to clllpltical spores 
which are primarily subterminal, with a few central. The sporangium 
is not swollen. It produces spores readily on TSA, many spores being 
present after 24 h incubation at 32°C. Spore suspensions of high 
titers can be easily prepared by culturing on A-K No. 2 Sporulatlon 
Agar. 

Tliis isolate was originally Isolated under anaerobic conditions, 
but it also grows very well aerobically. Triplicate tests were all 
positive for catalase production, so it is a Bacillus sp. Various 


14 


biochanical casts wers inoculated In quadruplicate, incubated at 
)2°C and read over a period nf 2-21 days, depend I uk on the particular 
test. Test procedures of Ruth Gordon and of the JPI.-PQ lab at Cape 
Canaveral were enployed. The results are presented in Table 3. As 
can be seen, the isolate is quite active biochemically. Because the 
results do not readily fit available identification schemes, speciation 
of this isolate will not be attempted until further tests are performed. 
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TABLE 5; Results of Quadrupl ioale Biochemical Tests on Bacill us sp. 

Capable of Utilizing Phosphite Anaerobically. 

Incubation Period (days) 
Test Number for Test Number 


Biochemical Test 

1 

2 

3 

__4 

1 

2 

3 

_4_ 

PR Mannitol 

4- 


4- 

4- 

2 

2 

2 

2 

Xylose 

+ 

+ 

4- 

4- 

2 

2 

2 

2 

Dextrose 

+ 

+ 

4- 

4- 

2 

2 

2 

2 

Anaerobic Growth 

+ 

+ 

4- 

4- 

3 

3 

6 

7 

Motility 

- 

- 

- 

- 

6 

6 

10 

14 

Saboraud's 

Dextrose Agar 

+ 

+ 

4 - 

4 - 

■) 

*• 

2 

2 

2 

Tyrosine 

+ 

+ 

4- 

4- 

4 

4 

5 

3 

Gordon's Citrate 

+ 

+ 

4 - 

4- 

5 

5 

5 

5 

Nitrate Reduction 

+ 

4- 

4- 

4- 

3 

3 

7 

7 

Starch Hydrolysis 

+ 

4- 

4- 

4- 

J 

3 

7 

7 

V-P 

- 

- 

- 

- 

4 

5 

7 

7 

pH of V-P Medium 

4.5 

4.5 

4.5 

4.5 

4 

5 

7 

7 

Casein Hydrolysis 

- 

- 

- 

- 

7 

7 

14 

14 

Litmus Milk 

A^ 

AR^ 

AR 

AR 

4 

7 

14 

14 

Phenylalanine 

- 

- 

- 

- 

5 

7 

14 

21 

Growth in 5% NaCl 

- 

- 

- 

- 

7 

7 

7 

7 

Growth in 7% NaCl 


— 

— 

- 

7 

7 

7 

7 


1. A- Ac id 


2. R“Lltmus reduction 
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OMNITHERMS 

In our previous two reports e group of organieme capable of 
growth over a broad cenperature range has been described. These 
were originally Isolated %rhlle perforalng a bacterial soil popula- 
tion profile of Cape Canaveral soil, and all that have been Isolated 
thua far have proven to be nenbers of the genus Bacillus . Since 
the Isolation of theae organlsma, we have attempted to better 
characterise their physiological and biochemical properties In an 
effort to describe their significance to planetary quarantine. In 
the initial work, this characteristic appeared to be quite stable, 
and the organisms were grown at 3^C, 32*^C, and 53°C on several 
occasions by different Investigators. However, it soon appeared 
that the storage temperature of the stock cultures has an effect on 
Che stability of this characteristic, some losing their ability to 
grow at 55®C, others losing the ability to grow at 3^*0. in order to 
better coordinate results, most of the following work was performed 
by two groups of Investigators, and both groups experlenceo similar 
loss of the organisms' capability to grow at all three temperature 
ranges. For this reason, a great deal of the time of this reported 
period of investigation has been spent attempting to culture and 
store these organisms in such a way as Co enable them to maintain or 
again demonstrate this characteristic. These attempts are still in 
progress, and the optimum storage condition to maintain the omni- 
therm behavior as a stable characteristic has not yet been determined. 
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A. Resistance of Spore Suspensions of Osmitherms to the Viking 

Dry Heat Cycle 

The original 28 cultures of osmitherms were grown on TSA plates, 
washed with sterile phosphate buffer (pH 7.0), hoat-shocked at 80”C 
for 15 minutes, then swabbed onto A-K 12 Sporulatlng Agar (BBL) . 

These were incubated at 32*’C for 5 days and examined for endospores. 
Five of these did not grow, but the others showed fair to very good 
spore formation. These were again washed with deionized water, 
heat-shocked, and replated on A-K Agar for incubation for 5 days at 
32°C. After microscopic examination these were washed 6x with sterile 
phosphate buffer, then 3x with sterile 95Z ethanol, and stored In 
sterile 95Z ethanol. These were then titered with results showing 
from 10^ to 10^ spores per ml. 

One tenth milliliter of each spore suspension was inoculated 
into four sterile, screwcap vials, and these were left open under 
laminar flow until the alcohol had evaporated. Tliey were capped 
and shipped to John Puleo of the JPL-PQ Lab at Cape Canaveral. Ttiree 
vials of each spore suspension were subjected to the Viking dry-heat 
cycle (111.7°C for 30 hours), the fourth vial of each served as a 
shipping control to determine if there were population changes due 
to shipping. After heating, the vials were again capped and returned 
to H-SU for assay by standard plate-count procedures, and the results 
are presented In Table 6 . Of the 23 samples subjected to the dry-heat 
cycle, 7 showed surviving populations in the lO*" - 10 range, 6 showed 
surviving populations in the 10*^ range, 5 showed 1 or 2 sterile vials 
with only small populations in the remaining vial or vials, and only 
5 resulted in all sterile vials. Obviously, the spore load in the 
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TABLE 6: Spor* Tltars of OnnleherM Before and After Exposure 

to Viking Dry-Heat Sterilization Cycle (111.7°C for 30 hrs.) 


Isolate 

Original Tlter^ 
(spores/ml) 

Titer of Unheated 
Control Vial 

Titer After 
Heating 

A-28 

5.2x10^ 

1.1x10* 

1.9x10^ 

AA-6 

1.5x10^ 

2.6x10* 

4.8x10^ 

AA-12 

1.5x10^ 

1.5x10^ 

1.1x10^ 

BB-1 

1.3x10^ 

2.7x10^ 

0 

C.-20 

2.4x10^ 

2.5x10^ 

5.3x10^ 

G-28-2 

6.5x10^ 

1.3x10® 

8.4x10° 

G-33 

5.2x10^ 

1.3x10® 

3.7x10^ 

G-33II-1 

4.6x10^ 

Not Done 

2.1x10^ 

G-331I-2 

4.5x10^ 

1.1x10* 

3.3x10° 

G-38A 

4.1x10^ 

4.7x10® 

9.3x10° 

G38B 

8.0x10® 

5.2x10® 

1.9x10^ 

G-38C-2 

3.1x10^ 

8.1x10^ 

5.3x10° 

CC-30 

2.7x10** 

6.1x10^ 

1.4x10^ 

GG-41 

3.8x10^ 

3.1x10^ 

S.ixlO^ 

GC-44 

2.3x10® 

1.1x10® 

4.7x10* 

H-86-1 

3.7x10® 

1.2xi0® 

1.7x10^ 

HH-1 

6.9x10® 

7 

3.3x10 

2.9x10* 

HH-l-B 

4 

1.6x10 

3.1x10^ 

- 

llH-34 

3.0x10^ 

2.3x10* 

3.9x10^ 

HH-66 

7.8x10® 

1.2x10^ 

0 

J-21 

1.5x10® 

1.4x10® 

2.2x10* 

JJ-39 

2.0x10^ 

2.0x10* 

0 

JJ-30B 

3.3x10® 

1.3x10® 

0 

^All counts 

are an average of 

3 vials (or 6 plates) 
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vials Is auch aors dsnss than what will bs sncountsred on a space- 
craft which has bacn asaeablsd under clean-rooa conditinna, but 
these data Indicate that soae ' the oanitheraa poaaesa a fair 
degree of dry-heat resistance. For cxaaple, isolatea AA-12 and 
llH-1 show only a 3 log population decrease after 30 hours at 111.7°C. 

Seven of the oanitheras which survived the dry-heat cycle 
were inoculated in duplicate onto TSA slants and TSB to detemine 
if they were still capable of growing at 3*^, 32°, and SS°C. This 
should give some indication as to whether or not this trait is 
destroyed by extreme temperatures. The growth in TSB was very poor, 
which is a characteristic which has been noted on other occasions. 
Organisms growing at the extreme temperatures always seem to grow 
better on agar than in broth. For this reason, the results presented 
in Table 7 are for growth on TSA slants. This characteristic has 
prompted us recently to initiate investigations to determine the 
most suitable culture medium for culturing the omnitherms. 

As can be seen from Table 7, five of the seven heat-treated 
isolates grew at axl three temperatures during the Incubation 
periods used. The 3°C slants showed growth in 7-9 days, with those 
not showing growth being observed for 14 days. All of the 32°C slants 
showed growth in 2 days, and the 55°C slants showed growth in 2-3 
days. It appears that this omnlthennic characteristic is not des- 
troyed by heating (111.7°C for 30 h) . The only change observed is 
that the heat-treated Isolates grew better and faster at 3S°C than 


had been observed previously. 
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B. SoM Phyalologlcal Charactarlsclca of Oamltharaa 

Cartain phyalologicnl properclaa of nlcroiirKanlau are of 
apaclal Intaraat to planetary quarantine. One auch property la the 
ability of the organlaaa to grow undar anawroblc condltlona. All 
of the oanltheraa which we have been able to ulntaln on atock 
culturea grow aerobically, even though aoow were originally laolated 
undar anaerobic condltlona. An axparlaant waa perfonaad to 
datamlna how aany of thaaa could alao grow anaerobically at the three 
different taaparaturaa uaad In our work. 

Bacauaa thaae routinely demonatrate better growth on TSA, alanta 
were prepared and atorad for 24 houra In a Brewer anaerobe Jar with 
GaaPak to deoxygenata the acdluai. Three alanta per culture per tem- 
perature ware Inoculated for anaerobic Incubation at 3*^C, 32°C, and 
S5°C. A alngle aerobic control per culture per temperature waa alao 
Inoculated, and unlnoculatad alanta were alao Include.* aa controls 
at each temperature. Cultures at 3°C were examined for growth after 
7 days, at 10 days, and at 3 day Intervals thereafter. Cultures at 
32^C were examined In 48 hra., and those at 55°C were examined after 
3 days and at 3 day Intervals thereafter. A colony from an 18-24 
hr. culture of each isolate Incubated on TSA plates at 32°C waa sus- 
pended In 2.0 *"l of O.IZ peptone, and one drop of this suspension 
was used as the Inoculum for each slant. The results of faculta- 
tive growth of these organisms are shown in Table 3 . 

Another characteristic of significance to planetary quarantine 
Lb the salt tolerance of microorganisms. In order to evaluate this 
for the omnitherms, we prepared TSB tubes with salt (NaCl) concen- 
trations from 1 through lOZ, 12Z, and 15Z. TSB was used in this 
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TABLE R. 

Anaerobic Growth of 

Omlthcnas 

at ‘ 

1“, 32°. 

and 33‘’c 

and MaxioHia 

1 Salt Cimcent ration 

at Which Growl: 

1 Occurs 

(.\ernblcal ly at 32 


Anaerobic Growth 



Maximum Salt 

Isolate 

re 

12‘'C 



Gonccntrdtlon(Z) 

A-28 

0^ 

♦ 1 

0 


12 

AA-b 

0 

+2 

0 


12 

AA-10 

0 

+1 

0 


12 

AA-12 

0 

■*•2 

0 


12 

BB-1 

0 

+1 

+2 


b 

C-16 

0 

♦I 

■H 


12 

G-20 

♦2 

+1 

♦ 1 


6 

C-28-2 

0 

4-1 

0 


12 

C-33 

■H 

+1 

0 


12 

c-3)n-i 

0 

■♦•2 

■H 


12 

(;-iJlI-2 

♦1 


0 


ND 

n-38A 

0 

+1 

+ 1 


12 

C-J8B 

0 

+1 

♦1 


12 

C-38C 

0 

■H 

+l 


12 

GC-30 

0 

■*•3 

+1 


7 

C(;-41 

0 

■n 

0 


12 

(»G— 44 

0 

■n 

0 


4 

H-86-1 

NC 

NG 

NG 


10 

HH-1 

■*-1 

+1 

0 


15 

HH-IA 

0 

0 

■H 


12 

HH-IB 

+1 

+2 

0 


12 

HH-34 

0 

+2 

0 


12 

im-66 

0 

+1 

0 


10 

J-21 

0 

+1 

0 


12 

JJ-28-1 

0 

+3 

n 


9 

JJ-28-2 

0 

+2 

0 


9 

JJ-29 

0 

+3 

0 


10 

.IJ-30A 

0 

*2 

0 


15 

JJ-30B 

NG 

NG 

NG 


5 


1 Arbitrary comparison of {growth from none (0) to heavy (+4) 

2 ND*Not Done 

3 NONon-vlable culture (no growth, even In controls) 
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experinent becauae all incubatlona were performed aerobically at 
32°C. Duplicate tubes of each aalt concentration were Inoculated 
with one drop of a D.IZ peptone suspension of each Isolate. These 
were incubated for 48 hrs. , then examined for turbidity. Unlnocu* 
laced tubes of the different salt concentrations were used as nega- 
tive controls In this experiment. The results of this Investigation 
are also shown In Table 8 . 

As can be seen from Table 8 . v~naeroblc growth of most of 
these Isolates Is quite sparse. The tests were performed In tripli- 
cate and results where growth could not he clearly ascertained were 
reported as negative. It is known that temperature does affect the 
ability of an organism to grow In the presence of or absence of 
oxygen, and these results verify this. All isolates are capable 
of anaerobic growth at at least one of the temperatures employed, 
with approximately half of them growing anaerobically at only 32°C. 
About one-fourth of them grow anaerobically at 32° and 55°C, and .about 
14Z of them grow anaerobically at 3° and 32^C. Only one Isolate 
(0-20) showed anaerobic growth at all three temperatures. 

Again from Table 8 , it can be seen that all of these Isolates 
grew In salt concentrations of up to 4Z. This should not be sur- 
prising because these wire originally Isolated from soil samples 
from Cape Canaveral. In addition, 21 of the 28 Isolates were capable 
of growth up to at least 10% NaCl, and 18 of 23 grew in salt concen- 
trations of 12%. Only two of tlie Isolates grew in a 15% salt 
concentration. 

These results, in addition to the omnithermlc characteristic, 
again demonstrate the tremendous adaptibility of this particular group 

OF THE 
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of organiaaii. They may be of special significance to planetary 
quarantine research because of their ability to grow over broad 
temperature ranges, to grow aerobically and anaerobically at different 
temperatures, to grow in high salt concentrations, and because they 
appear to possess an appreciable degree of dry-heat resistance. 

C. Growth Curves of Omnlthermic Isolate 

Five isolates were streaked onto TSA plates and Incubated at 
32°C for 24 hrs. to isolate individual colonies. Colonies were trans- 
ferred to 10 ml TSB and again incubated at 32°C for 24 hrs. One-tenth 
ml aliquotJ were used to inoculate 3 flasks containing 250 ml TFB per 
organism. Samples were immediately taken from each flask for counts, 
and the flasks were incubated aerobically at 3^', 37^, and 3S‘’c. At 
various time Intervals, the flasks were su.iicated for 2 min, and 5.0 ml 
samples were removed. One ml of this was used for counting, the 
remaining four ml being used for turbidometric measurements. All 
counts were performed by diluting the sample in 0.1% peptone and 
employing the pour-plate procedure with TSA as the culture medium. 

These triplicate plates were incubated at 37° for 48 hrs. prior to 
count i ng. 

(■rowth curves for isolate G-20 at the three temperatures are 
shown in Figure 2. \s cc.n be seen, populations at all temporatures 
shows an initial decline, especially at 55^C, followed by a fairly 
rapid increase. Tills isolate appears to grow very well at all three 
temperatures, reaching maximum population in 19 days at 3°C, in 2C hrs. at 
55°C, and still increasing after 24 hrs. at 37*’c. 

Data is also available for drawing standard curves of 
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turbidity vs. viable cell count, but those curves are not presented 
In this report. From the growth curves presented, generation times 
for C-20 at the three different temperatures have been calculated 
and are 21 hrs. for 3°C,1.8 !>rs. for 37°C, .in<l hrs. for 55*^0. 

In a separate investigation another of our research groups has 
begun determination of generation times at 3°, 32°, and 55°C for 2K 
of these isolates. In this procedure sidearm flasks are inoculated 
as described above, then incubated at the three different temperatures. 
These are periodically sonicated in an ultrasonic bath for one 
minute, and the turbidity in the sidearm Is read on a Klett- 
Sumroerson photocolorimeter. Growth curves for the isolates can then 
be drawn by plotting Klett units vs. time, and generation times can 
be calculated from this data. By using this procedure, it is 
possible to handle larger numbers of samples at multiple tempera- 
tures incubation. 

This procedure has recently been performed on 28 isolates at 
32°C and viable cell counts are being performed on some of these to 
verify the efficacy of this procedure. The data acquired thus far 
will not be presented in this report, but when the efficacy has been 
verified, this procedure will be performed on the various isolates 
at 3°, 32°, and 55°C, and possibly other temperatures. Tliese data 
should be available for the next report. 

D. Second Attempt to Isolate Omnitherms from Cape Canaveral Soil Samples 

The original Isolation of omnitherms In our lab was performed 
on a mixed soil sample from Cape Canaveral. This mixture consisted 
of samples from the vicinity of the Vehicle Assembly Building (VAB), 
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Spacecraft Aaseiably and Encapsulation Facilities (SAEF 1 and 2), launch 
complex 41, and the fuel storage area. The results of this work are 
given In Report 6. Since that time the mixed soil sample used in 
that experiment has been stored in a sealed plastic bag in a 4°C 
refrigerator. 

In a separate, long-term experiment, samples of the same soil 
sample mixture were stored In plastic cups with air-tight seals at 
-6S°C and at 24°C to evaluate the effect of long term storage on 
total soil populations. The results of this experiment are also In 
Report 6 and show that the total population remained relatively con- 
stant for the 160-day duration of the experiment. In addition, the 
thermophilic level remained unchanged, while the psychrophll Ic level 
show a slight decrease with storage of the sample at 24°C. 

In this present investigation, these same three soil samples 
were used to enumerate bacterial populations at 3°, 32°, and 33°C. 

It Is noted that the samples have been In storage (-63°C, 4°C, and 
24°C) for 12-13 mo .hs at the time this present Investigation was 
performed. 

Duplicate soil samples were serially diluted In O.IZ peptone and 
plated to yield triplicate plates for each sample at each temperature. 
These were Incubated for 14 days at 3°C, 48 hrs. at 32°C, and 48 hrs. 
at 33°C prior to counting. The results are given In Table 9. By 
comparing these counts back to the data presented In Report 6, it can 
be seen that the aerobic, mesophllic counts of these soil samples are 
virtually Identical to those of one year ago. This does not speak 
to the question of type of organisms present, but the total populations 
are unchanged after prolonged storage. It can also be determined 


TABLE 9 Bacterial Counts of a Mixed Cape Canaveral Soil Sample 
After Prolonged Storage at Different Temperatures 
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Chat the thermophilic counts are virtually the same In each sample 
aa they were In Report 6, whereas the psychrophlllc counts show a 
decrease of about 1 log In all cases. 

Countable plates from each soil sample and each incubation 
temperature were selected for replicate plating. The replicate 
plating procedure employing straight pins, as described In Report 7, 
was used to replicate colonies Isolated at one temperature to the 
other two temperatures. Another replicate plate was relncubated 
at the original Isolation temperature to serve as a control. By 
recording growth of each colony at the three different temperatures. 

It was possible to calculate a bacterial population profile based 
upon temperatures of growth. These results are presented in Table 10. 
Again, It can be seen that omnlphlles were Isolated from all three 
soil samples, even though the percentage appears lower than that 
found In the original work (omnlphlles 3.4% - see Table 2, Report 6). 
This apparent difference could be the result of several factors. The 
soil samples are much older, and the total number of colonies 
examined Is larger. However, a very likely difference is in replica- 
tion techniques. In the original work, colonies were picked 
Individually with an inoculating needle and transferred to TSA slants. 
This was a slow, laborious process, and the plates necessarily aged 
more. The pln-repllcate plating technique Is much faster, and the 
plates do not get nearly as old. This Is reflected in the viability 
of the cultures. In the previous work 11.4% of the colonies did not 
grow on subculture. In the present Investigation, loss of viability 
ranged from 0.4% to 1.5%. Had the original work shown such a high 
degree of viability, the percentage of omnitherms could have been 
decreased accordingly. 


TABLE 10 Population Distribution of Cape Canaveral Soil Samples After 
Prolonged Storage at Different Temperatures (Given in Percents) 
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Table C also shows that no obligate psyrhrophl les wore IsoI.ii.mI 
whereas 1.4Z were found In the original Investigation. Prolonged 
storage of the soil samples does appear to favor a change In the 
population distribution of the sample. Another noteworthy change 
Is the fact that the sample stored at 24°C showed a decrease in tlic 
facultative psychrophlle population with a resultant Increase in the 
mesophlle population. The two samples stored at low temperatures 
exhibited relatively little change In these categories. 
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PLANS FOR FUTURK ACTIVITILS 

Investigations concerning unaornblc utlllz.iiion of phosphite 
and hyphophosphlte have been completed. Equipment has been 
received and set up« and protocol have been developed to investigate 
anaerobic utilization of phosphine. In this investigation, the s.-tmc 
basal medium is being used and phosphine gas is bubbled tlirnugh it 
to supply the phosphorous source. Phosphine gas spontaneously 
ignites in the presence of oxygen, thus requiring not only anaerobic 
incubation of the samples, but complete handling of samples and 
media under anaerobic conditions. Systems have been designed for 
this process, and we can currently work with multiple samples 
simultaneously. Enrichment culture techniques h.ive already been 
initiated to isolate organisms which can utilize phosphine anaerobically, 
and we are currently processing samples in the third subculture. Soil 
samples from various areas of Cape Canaveral are being used, and at 
least four of them continue to show turbidity alter about two weeks 
incubation in the phosphine atmcjsphere. If Isolates arc Indeed found 
which appear capable of utilizing phosphine, then experiments similar 
to those with phosphite will be performed to verify this plu-nomenoii . 
Analytical methods for monitoring phosphine concentration have already 
been developed and verified with known controls. 

Because it has been suggested that phosphine may be toxic to 
microorganisms, experiments have been initiated to determine ptiosphine 
toxicity to various types of microorganisms and to spore suspensions. 
Preliminary results show no decrease in bacterial populations in the 
presence of phosphine. 


Eaphasis on studied concerning onnithcrms will b«> derreoHcd 
after the next report period. Because of the dry-heat resistance 
of these isolates, they will be Investigated In con)unction with 
the JPL-PQ lab at Cape Canaveral. They will be examined with tiie 
pyrelys is-gas chromatography equipment in an attempt to determine 
if there is any relationship between these and the "hardy" organisms 
described by Puleo. Another effort will be to determine the most 
suitable culture medium for cultivation of omnitherms, and attempts 
will be made to determine the optimum storage conditions for 
omnitherms to assure that they maintain the ability to grow over 
broad temperature ranges. 

A new endeavor will be initiated in the very near future by 
our lab. Tecausc of the anaerobic conditions of the Jovian planets, 
an investigation of anaerobic microbiology associated witli spaceoraf 
environments appears warranted. This phase of work will be c»m- 
cerned with the distribution of anaerobic microbes in such areas, 
but, more importantly, attempts will be made to develope new or 
Improved techniques for performing such work. 


